We present a case in which intraocular silicone injection for complex retinal detachment resulted in migration and distribution of silicone along the intracranial visual pathway, and ultimately throughout the ventricular system. Misinterpretation of this material as intracranial hemorrhage on outside computed tomography imaging delayed emergent repair of a Type A aortic dissection until the diagnosis was made on repeat imaging. A discussion of this case and salient computed tomography and magnetic resonance imaging characteristics of silicone is provided.
INITIAL IMAGING FEATURES
CT of the chest demonstrated a Debakey Type I/Stanford Type A aortic dissection extending from the aortic root superiorly to involve the common and internal carotid arteries (Figure 1 ). Non-contrast CT head showed multiple hyperdense foci most strikingly filling the fourth ventricle, which in the acute setting was interpreted as acute intraventricular and subarachnoid hemorrhage (Figure 2 ). She was subsequently transferred to our institution where several imaging studies were performed in close succession including magnetic resonance imaging (MRI) of the brain, and CTA of the head and neck. MRI brain performed overnight during the weekend demonstrated partially T1 hyperintense material in the suprasellar cistern as well as the third and fourth ventricles. Signal dropout in these regions was seen on gradient echo and susceptibility weighted imaging (Figure 3 ). In concert with the outside CT head interpretation, this was preliminarily deemed compatible with blood products. Magnetic resonance angiography (MRA) of the head and neck was also performed showing known aortic dissection extending into the common and internal carotid arteries. The study however was nondiagnostic for evaluation of the intracranial vasculature due to motion artifact.
REPEAT IMAGING AND EVALUATION
In accordance with the above conclusions, surgical repair of the dissection was delayed and the patient was stabilized in the intensive care unit (ICU). CT angiography of the head and neck was obtained within 4 days of the initial outside CT to evaluate for potential causes of intracranial hemorrhage, specifically aneurysms, as MR angiography performed earlier was non-diagnostic. Hyperdense material was again noted predominantly in the third ventricle and fourth ventricles, as well along the left optic nerve sheath, the optic chiasm, and a trace amount in the frontal horn of the right lateral ventricle (Figure 4 ).
Several critical additional observations were made during interpretation of this exam. First, the hyperdense material originally thought to represent hemorrhage appeared identical to the hyperdense material noted on the original outside head CT performed four days earlier (Figures 2, 4) . Such stability over several days of imaging is extremely atypical for evolving hemorrhagic products. Second, we observed that the density and intensity of the presumed blood products in the ventricular system and the optic chiasm were identical to the density and intensity of the intraocular silicone in the left globe and optic nerve on both CT and MR (Figures 2, 3, 4) . Third, on reexamination, MR brain notably demonstrated chemical shift artifact. Fourth, the hyperdense/hyperintense material in the right lateral ventricle assumed a non-dependent position in the frontal horn, atypical for dense hemorrhagic products, which gravity dictates layers dependently in the occipital horns ( Figures 2C, 3G, H) . Lastly, it has been shown that blood products may exhibit restricted diffusion [1, 2]. In our case the lack of restricted diffusion in the areas corresponding with hyperdense foci on CT images again points one toward the appropriate conclusion that the material is in fact silicone, not blood. TREATMENT Shortly after this, the patient was taken to the operating room (OR) as intracranial bleed had been excluded. She underwent replacement of the ascending aorta with a graft and repair of the aortic valve. Following surgery she was returned to the ICU in stable condition.
Etiology & Demographics:
Intraocular silicone oil injection has been used for many years in the repair of retinal detachment. Detachment occurs when subretinal fluid collects in a potential space between the neurosensory retina and the retinal pigment epithelium. Three types have been described, rhegmatogenous, tractional, and exudative. Rhegmatogenous is the most common, occurring when a tear in the peripheral retina results in separation of the retinal layers with vitreous fluid accumulation between them [3]. This causes progressive visual loss. The incidence of retinal detachment is 1:10,000. Initial attempts at repair of rhegmatogenous detachment usually involve scleral buckling, successful in 80-90% of cases. In more complex cases intraocular tamponade with injection of gas and/or silicone oil is performed. Several known side effects include cataract formation, silicone oil keratopathy, emulsification of oil with glaucoma, intraconjunctival oil inclusion cysts, subretinal oil, reproliferation of membranes beneath the oil interface, and optic atrophy [4] . Currently there is no consensus on the practice and timing of silicone removal, which is generally decided on a case-by-case basis.
The phenomenon of intracranial migration of silicone used for treatment of complex retinal detachment has been described in only a handful of radiology case reports. Of the reported cases, this is observed in patients ranging in age from 15 to 80, in slightly more males than females. Most patients suffered retinal detachment as a result of HIV associated CMV retinitis, or diabetic retinopathy. Interestingly, more often than not, these patients were observed to have elevated intraocular pressure. While patients were generally asymptomatic, reported symptoms include seizures, headaches, dizziness, and nausea [5] [6] [7] [8] [9] [10] . The current literature suggests that heavy tamponade is becoming increasingly common as newer and safer siliconecontaining agents such as Oxane HD and Densiron 68 have been developed with minimal reported side effects [11] . Our case serves to demonstrate the critical importance of differentiating this entity from intracranial hemorrhage for effective patient management, especially in the acute setting.
Pathophysiology & Anatomy:
The mechanism by which intraocular silicone enters the subarachnoid space and the ventricular system is uncertain as there is no anatomic connection between the vitreous and the intracranial subarachnoid space. Reviewing the anatomy reveals that the axons of the retinal ganglion cells converge from all over the retina to become the intraocular segment of the optic nerve, or the optic disc. The optic nerve exits the globe through the lamina cribrosa, an opening of the sclera composed of a network of collagen fibers forming small canals, which are traversed by optic nerve axons. From this point forth the optic nerve is closely invested by, from inner to outer, pia, cerebrospinal fluid (CSF) and arachnoid, and dura mater. This transition is important in that the peri-neural subarachnoid space surrounding the intraorbital segment of the optic nerve is continuous with the intracranial subarachnoid space. The nerve then traverses the orbit, passes through the orbital canal within the lesser wing of the sphenoid, and exits the annulus of Zinn in the intracanalicular segment, to become the intracranial segment within the suprasellar cistern [12, 13] . A literature review revealed several possible mechanisms enumerated in Table 4 . In all theories, different mechanisms, including increased intraocular pressure, congenital abnormalities in the optic nerve, and cavernous degeneration of the optic nerve, lead to a common pathway. That is, silicone migration through the pial layer investing the optic nerve to the subarachnoid space of the optic nerve, in continuity with the intracranial subarachnoid space. The intracranial subarachnoid space is connected to the ventricular system via the foramen of Luschka and Magendie. To our knowledge, intracranial migration of intravitreal silicone has not been reported in a patient with Marfan syndrome, especially in a situation where initial misdiagnosis had led to delay in emergent life-saving surgical management.
Marfan syndrome is caused by a defect in the fibrillin gene on chromosome 15. Fibrillin is a key component in extracellular microfibrills found throughout the body. Importantly, fibrillin is a key structural component in the ciliary body, one of the reasons ectopia lentis is commonly found in Marfan patients. In addition fibrillin has been mapped to the lamina cribrosa, the sclera, the choroid, and Bruch's membrane (innermost layer of the choroid). Given this anatomic distribution, structural abnormalities of the orbit, specifically the lamina cribrosa seen in Marfan syndrome may facilitate migration of silicone directly through the lamina cribrosa, across the pia and into the peri-neural subarachnoid space. It is also important to note that Marfan syndrome predisposes patients to aortic aneurysms and dissection, as fibrillin is present in the wall of the aorta. Some of the potential imaging findings in patients with Marfan syndrome are discussed in Table 5 [14, 15] .
Clinical & Imaging Findings:
The main challenge in cases such as ours is distinguishing silicone from subarachnoid hemorrhage. The causes of subarachnoid hemorrhage are divided into two categories, traumatic and spontaneous. Trauma is the most common cause of subarachnoid hemorrhage. Spontaneous subarachnoid hemorrhage is most commonly caused by aneurysm rupture, accounting for 85% of cases. Approximately 10% are caused by are perimesencephalic hemorrhage, which are thought to be mostly venous in origin. The remaining 5% of cases have relatively rare causes such as vascular malformations and venous infarction. Non-contrast CT head shows hyperdensity in the basilar cisterns and sylvian fissures. In the acute phase the FLAIR sequence similarly shows hyperintense signal in the basilar cisterns and sylvian fissures [16] .
Regardless of its location in the eye, the optic pathway, or the ventricular system, silicone has unique imaging characteristics, which may be used to distinguish it from hemorrhage (Table 3) . On CT silicone appears hyperdense, in fact denser than typical hemorrhagic products. The Hounsfield unit (HU) measurement of silicone has been reported as high as 132 in an older study in which CT was performed on a silicone oil/water phantom. In more recent studies intraocular and intraventricular silicone has been reported to have densities of 115, 106, and 90 Hounsfield units [17] . In contrast, the density of blood is generally 30-60 HU, and almost always less than 90 HU. In our case, the density of intraventricular silicone measured approximately 100 HU [5, 18] .
Blood has varying intensities on MR T1 weighted images (T1WI) and T2 weighted images (T2WI) depending on age, with methemoglobin in subacute blood appearing T1 hyperintense. The CT and MR imaging characteristics of intraparenchymal hemorrhage are discussed in table 4 below. It should be noted however that the evolution of subarachnoid and intraventricular hemorrhage is somewhat different than this primarily due to the face that blood products in these spaces mix with cerebrospinal fluid [19, 20] . Silicone in the ventricles appears hyperintense in comparison with CSF on T1 weighted images, and of variable intensity on T2 images depending on the viscosity of the silicone, field strength, and sequence parameters. Both blood and silicone demonstrate increased susceptibility artifact. However, two distinguishing factors may be utilized to distinguish them. First, silicone is less dense (volumetric mass density) than CSF, and thus will appear in a non-dependent location within the ventricular system as it did in our case. Also, and perhaps more importantly, at the interface between silicone and brain parenchymal tissue there is a prominent chemical shift artifact seen on T2/fluid attenuated inversion recovery (FLAIR) and T1 imaging. This is secondary to differences in the resonant frequencies, i.e. frequency direction of silicone and water, and is manifested as a bright line on one side and a dark line on the other end of the interface between silicone and water [5] [6] [7] [8] [9] . A third distinguishing factor is seen on diffusion-weighted imaging. Specific stages of intracranial hematoma show restricted diffusion. One study showed more specifically that the core of hyperacute and late subacute hematomas show restricted diffusion [1, 2] . Notably, the regions of intraocular and intraventricular T1 hyperintensity on our patient's MR brain did not demonstrate restricted diffusion. Because some stages of hematoma may also not show restricted diffusion, this characteristic may be used only in conjunction with other imaging characteristics in ruling out intracranial hemorrhage.
The diagnosis of intraventricular silicone may be made with reasonable confidence given the multitude of specific imaging characteristics discussed above. However if 100% certainty is sought, silicone specific imaging strategies in vivo and vitro may be employed. Mathews et al performed proton MR spectroscopy on silicone in vitro, finding the silicone peak to be .33 ppm [17] . Tatewaki et al report the first case in which intraventricular silicone in a 66-year-old woman presenting with sudden onset lower extremity weakness was definitively identified with proton MR spectroscopy, finding an identical peak at .33 ppm [8] .
Treatment & Prognosis:
In the majority of cases intracranial silicone is found incidentally. In one reported case a patient with intraventricular silicone was treated with a ventriculoperitoneal shunt, having suffered from headaches [10] . In the remainder of the reported cases, this entity was identified to the exclusion of other etiologies such as hemorrhage and neoplasm, but not treated, as patients were generally asymptomatic. Prognosis is unknown.
Differential Diagnoses:
Apart from subarachnoid hemorrhage, the differential diagnosis for intraventricular silicone includes several entities that may be mistaken for intracranial hemorrhage, termed pseudo-subarachnoid hemorrhage [21] .
Spontaneous intracranial hypotension
Spontaneous intracranial hypotension (SIH), a type of pseudo-subarachnoid hemorrhage, presents with orthostatic headache, low CSF pressure, and distinct imaging characteristics. SIH may be mistaken for subarachnoid hemorrhage on CT, usually the first imaging procedure performed in an emergency situation. Increased attenuation is seen in the basilar cisterns and the sylvian fissures. This appearance has been postulated to occur as a result of brain sagging, a characteristic feature of SIH seen on MR. The sagging causes compression of the subarachnoid spaces causing displacement of hypodense CSF. The denser meningeal layers and blood vessels in this region, including the middle meningeal artery and the basal veins of Rosenthal, then fill a larger percentage of the subarachnoid space mimicking subarachnoid hemorrhage. Clinical symptoms occurring with SIH and SAH, such as thunderclap headache, nausea, vomiting, neck pain, may be similar and thus not helpful in distinguishing the two entities. Magnetic resonance imaging characteristics seen in SIH, namely diffuse pachymeningeal enhancement and brain sagging may be of the most utility arriving at the diagnosis [21] .
Leptomeningitis
Leptomeningitis is another cited cause of pseudosubarachnoid hemorrhage. In many instances patients with leptomeningeal infection may have a normal non-contrast head CT. However it has been postulated that purulent exudate within the CSF space may mimic the appearance of subarachnoid hemorrhage. On post contrast CT head enhancement may be observed due to cerebritis and breakdown of the blood brain barrier. MR brain in leptomeningitis also shows hyperintense T1 signal in the basilar cisterns, and postcontrast leptomeningeal enhancement. Additionally the clinical history of infectious symptoms may be helpful in distinguishing these two entities [22] .
Hypoxic ischemic encephalopathy
On non-contrast head CT exams of patients with hypoxic encephalopathy after resuscitation from cardiopulmonary arrest, hyperdensity in the basilar cisterns and sulci has been observed. This occurs specifically in patients with marked cerebral edema. Several authors have suggested the mechanism for this. The low attenuation of the edematous brain parenchyma, and distension of the superficial cortical veins secondary to compression of the dural sinuses by brain edema causes a relatively dense appearance within the subarachnoid space [23] . In the emergency situation, CT is again usually the first imaging test, however MR findings differentiate this entity from the above differentials. Gray matter structures including the basal ganglia, thalami, cortex, cerebellum, and hippocampi are affected showing restricted diffusion within the first few hours. Between 24 hours and two weeks these structures demonstrate T2 hyperintensity and swelling. After two weeks T1 hyperintensity is seen due to cortical laminar necrosis [24] .
Intracranial silicone
In our case, of course, the intraventricular and subarachnoid hyperdense material mistaken for blood was in fact intracranial silicone, originating from the patient's left globe.
Conclusion:
Silicone oil has been and will be used not infrequently as a method of treatment of complex retinal detachment especially due to the development of newer safer heavy tamponades, such as Oxane HD and Densiron 68 [11] . Radiologists should be familiar with the basic imaging characteristics of silicone oil and be able to distinguish it from intracranial hemorrhage. In our case, the patient happened to also require emergent surgical treatment of a potentially fatal condition, making the recognition of intracranial silicone critical in her management.
Intraocular injected silicone may migrate from the vitreous into the subarachnoid space of the optic sheath surrounding the intraorbital segment of the optic nerve to eventually settle in the intracranial subarachnoid spaces and the intraventricular system, mimicking intracranial hemorrhage. The unique characteristics of silicone including high density (HU > 90), non-dependent location within the ventricles, identical appearance on follow-up imaging, as well as presence of chemical shift artifact evident on MR imaging, can be utilized in differentiating silicone from blood in the acute setting. T1 hyperintense to normal vitreous with chemical shift artifact, T2 variable intensity depending on viscosity and pulse sequence parameters, GRE/SWI increased susceptibility artifact, DWI lack of restricted diffusion. Non-dependent location in the ventricles.
Subarachnoid Hemorrhage
Hyperdensity in subarachnoid spaces with HU 30-60. Dependent location in the ventricles.
T1 isointense to hyperintense at less than 2-3 weeks old, T2 variable intensity, GRE/SWI positive susceptibility artifact/dark, DWI variable restricted diffusion, no chemical shift artifact. Dependent location in the ventricles.
Spontaneous intracranial hypotension
Most commonly normal. May see hyperdensity within the basilar cisterns and Sylvian fissures.
Diffuse pachymeningeal enhancement, sagging brainstem, T2/FLAIR hyperintense dura.
Leptomeningitis
Hyperdensity within the basilar cisterns and Sylvian fissures.
Leptomeningeal enhancement, FLAIR hyperintense signal in the subarachnoid space.
Hypoxic encephalopathy
Gray matter structures affected: Basal Ganglia, thalami, cortex, cerebellum, and hippocampi. DWI: Bright in the first few hours, T1 normal, T2 hyperintensity from 24 hours to two weeks, FLAIR hyperintensity after several days, T1 hyperintensity after two weeks due to cortical laminar necrosis. 
Clinical Presentation and Treatment
Often asymptomatic although reported symptoms include headache, nausea, dizziness, seizures, a single case of elevated intracranial pressure treated successfully with ventriculoperitoneal shunt [10] Prognosis Unknown, generally an incidental finding
Findings on Imaging
CT: hyperdense HU > 90 MRI: T1 hyperintense to normal vitreous with prominent chemical shift artifact, T2 variable intensity depending on viscosity and pulse sequence parameters, GRE/SWI increased susceptibility artifact, DWI lack of restricted diffusion. 
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MECHANISM Shields et al (1989)
Cavernous degeneration of the optic nerve leads to communication between the optic nerve and the subarachnoid space secondary to increased intraocular pressure.
Eller et al (2000)
Increased intraocular pressure allows silicone to infiltrate the optic nerve tissue, pass through the pia mater into the subarachnoid space, CSF space, and ventricular system.
Papp et al (2004)
Silicone transported into the optic nerve through the pia into subarachnoid space secondary to increased intraocular pressure and active transport by macrophages.
Fangtian et al (2005)
Intraocular silicone migration through deep cupping of the optic nerve directly through the pia mater of the brain into the peri-optic subarachnoid space.
Kuhn et al (2006)
Intraocular silicone migration through an optic pit, a congenital depression in the optic nerve head into the subarachnoid space and eventually the ventricular system. 
